for over thirty years about our lack of knowledge about pain, the preventation of which has always been the main objective of the anaesthetist. It distresses me that the relief and prevention of pain are still based almost entirely on empiricism rather than on understanding, and that we do not even know what happens when we take an aspirin. I am therefore going to use this occasion to make a brief and elementary review of the events which are known or suspected to lead up to the production of pain.
Those of you who are involved in research on pain or in the care of patients in pain clinics will, I am afraid, hear nothing new, but my reason for going over the groundwork of our present knowledge is that virtually every textbook has been left well astern of the immense tidal wave of work on pain which has been submerging one misconception after another in the last few years.
The experience of pain is a compound of a sensation and an affective response. Anatomists and physiologists concentrate on the sensation, and philosophers, psychologists and psychiatrists on the avoidance drive, the emotional tone, the quale-call it what you like. Both these aspects of pain react on and fuse with each other, and whether or not a given stimulus produces a sensation labelled by the patient as pain depends on all sorts of factors such as his state of mind, his previous experiences, the current input to his nervous system, his motivation, and his age. Pain as a sensation, which is all I am going to talk about today, is therefore extremely difficult to study, and one of its problems is that it can only be studied in man. The occurrence of a "nociceptive response" in an animal is not a certain indication that it is feeling pain, because many of the components of the response can be (it) DA VID SINCLAIR produced in decerebrate preparations. Only man can tell you what he is experiencing, and he usually finds it pretty difficult to do.
A natural reluctance to inflict suffering has led to the use of the neurologist's pin as the standard stimulus with which to test what is called "pain sensibility" in clinical practice. The pin is convenient, simple, and relatively harmless, but it is a dangerous weapon on which to rely if we need basic information. :\Iuch evidence suggests that the sensation of pinprick is distinct from other forms of unpleasant experience, for both experimentally and clinically it may behave quite differently.
It is common knowledge that pain can be produced by any kind of stimulation carried to excess, and in this it differs from the other modalities of cutaneous sensation. It can also be produced from virtually every part of the body. The only nerve endings w!Jich are widely enough distributed to be linked with pain are the so-called " free" terminals which occur everywhere in varying patterns and densities. These terminals are very similar structurally to the nerve fibres on which they are carried, and are surrounded bv Schwann cells which separate them f;om their en vironmen t.
In animals the members of this group of terminations are sensitive to many different forms of stimulation. Some fire off impulses only in response to one particular kind of stimulus: others react preferentially to one form of energy but can also be aroused by others. A few appear to be almost equally sensitivl' to several different kinds of energy. There is as yet no anatomical or biochemical way o. differentiating between these physiologically distinct terminal groups. 1\ erve endings responding l'xclusi\'ely to harmful stimulation appear to be common in animals, and there is a tendency to call them "pain endings ". But a response to a specific kind of stimulus is no evidence that anv kind of sensation is being experienced.
ilany endings which respond to heat, for example, may do so in order to subserve thermal reflex mechanisms without necessarily leading to any perception of warmth,
The stimulus which arouses the impulses which ultimately cause pain is assumed to be the liberation of a chemical from damaged cells or tissues. This concept of a common intermediarv process is used to explain why every kind of injury can produce pain.
Possible substances are bradykinin, serotonin, potassium ions, and others; it does not seem to me to be necessary to postulate a unique stimulus, for it is just as reasonable to suppose that several different kinds of chemical stimulation could irritate the endings.
Prostaglandin El is synthesized in response to very slight cell damage, and in human experiments it lowers the pain threshold to mechanical and chemical stimulation, possibly by sensitizing the receptors. This is a potentially important clue to one site of action of aspirin, for aspirin inhibits the production of prostaglandins. (Incidentally, I am glad to be able to tell you that, though the prostaglandins have got a foothold in the study of pain, that other fashionable chemical, cyclic A.l\I.P., has not yet been implicated; we must be thankful for small mercies.) The liberation of chemicals from damaged cells is probably not the only mechanism involved in the arousal of pain; chronic pain associated with stretching of nerve roots or of the capsule of a viscus is more likely to be due to mechanical stimulation.
The terminals aroused are carried on unmyelinated nerve fibres. 'Ve do not know if these fibres remain unmyelinated all the way to the central nervous system, for in peripheral nerve trunks unmyelinated branches often arise from myelinated parent fibres. N eYertheless human experiments associate pain particularly with activity in the unmyelinated and the smaller myelinated fibres. The classical direct experiment is that of Collins, Nulsen and H.andt in 1960. Patients undergoing anterolateral cordotomy were allowed to come out of the anaestheti~, and the sural nerve was stimulated electrically before and after the cut. Pain did not appear until the small myelinated fibres were aroused; when the increasing stimulus brought in the unmyelinated fibres pain became unbearable, but this was accompanied by multiple firing in the myelinated fibres. The conclusion drawn was that activity in small fibres is necessary for the experienc'e of pain. It is now possible to record traffic in a fasciculus of a peripheral nerve while the subject describes the results of stimulating the territory of the fasciculus, and recent nerve blocking experiments of this kind in New South Wales indicated that pinprick depends on the .\ delta group of fibres, while true pain depends on the C fibre group. Other evidence from experimental nerve blocks, recovering nerve lesions, and the study of neuropathies also supports the association of small fibres with pain.
Every point on the skin is supplied by an overlapping network of terminals. A sensory stimulus, however fine, thus always arouses several nerve fibres, which may be of different sizes, and which may take different pathways to the spinal cord. The message which arrives there is therefore a pattern of impulses dispersed both in time and in space, and I am going to call this the primary pain pattern. In lamina 5 of the posterior column of the grey matter the primary sensory neurons of animals (and presumably those of humans) relay round second order cells. This synaptic region allows the pain pattern to be interfered with. Impulses descending from the brain can change or even completely suppress the incoming message, which can also be modified by other messages entering the cord at the same time, either in the same neighbourhood or elsewhere.
Even before Sir Henry Head invented the terms " epicritic" and " protopathic ", people were familiar with the concept of two peripheral fibre systems, one fast and the other slow. The fast system, comprising the larger myelinated fibres, was pictured as controlling, and up to a point inhibiting, the activity of the slow system. In herpes zoster, the larger fibres in the affected nerves may be selectively damaged, and to explain post-herpetic neuralgia Noordenbos suggested that the shift in the spectrum of peripheral nerve activity in favour of the small fibres would result in an increased transfer of impulses from the primary to the secondary neurons in the spinal cord, and lead ultimately to the experience of pain. Conversely, he said, a shift in favour of large fibre activity would inhibit transmission and prevent the experience.
Exactly this situation was found experimentally in animals by Melzack and Wall, who formulated the "gate control" theory of pain, with which you are all familiar. According to this the substantia gelatin os a in laminae 2 and 3 of the posterior grey column acts as an exchange system where by incoming activity in large fast fibres can inhibit the activity of the incoming slow fibres and the secondary neurons to which they relay in lamina 5. Within limits, the more fast fibre activity there is, the less able are the small slow fibres to transmit their message onwards to the brain. This idea explains satisfactorily the relief given by rubbing a bruise, and it has led to the introduction of electrical stimulation of the nerves involved in transmitting a primary pain pattern which is producing severe and prolonged distress.
As you know, in some patients this procedure gives temporary relief. But electrical stimulation often fails when the pain is severe, and when it is not severe the patients may find it more trouble than it is worth. Success cannot be relied on, and only about 20-25% of patients with post-herpetic neuralgia or painful phantom limbs are improved. No successes have been reported with the thalamic syndrome, and the pain of this condition may be made worse; this also applies to some patients with post-herpetic neuralgia.
It is not easy to explain the pain-suppressing effect of impulses arriving at the central nervous system some distance away from those conveying the primary pain pattern. Equally, it is difficult to explain the occurrence of pain referred to a zone well outside the segmental territory of the organ in which it is aroused. Yet such reference frequently occurs, and counter-irritation works, both in human patients by relief of pain, and in animals by modification or suppression of incoming pain patterns. Melzack has proposed various hypothetical inhibition mechanisms which could account for such phenomena.
The old idea of pain, which is still current, particularly in neurosurgical circles, was that the sensation resulted from impulses conducted along "pain pathways" in which all the fibres concerned with pain flocked together, though they had been scattered at random in the peripheral nerves. On this basis pain could be relieved by finding the pain pathway and cutting it. The lateral spinothalamic tract was a natural suspect, for lesions in the anterolateral part of the spinal cord are often associated with a selective depression of pain sensibility; the operation of anterolateral cordotomy is based on this association. But the lateral spinothalamic tract is anatomically a disappointing candidate for the role of a main pain pathway; it only contains some 1500 to 2000 fibres, and many of these do not reach the thalamus. However, surgical cuts in this part of the cord can selectively depress or even abolish pain without a corresponding depression of touch, though temperature sensibility is usually also affected. But it does not follow that the tract must be labelled a "pain pathway". The myelinated fibres in this part of the cord are mostly smaller than those in other parts, such as the posterior columns, and the relative proportions of unmyelinated fibres in different parts of the cord have not yet been investigated. The successes of anterolateral cordotomy could therefore simply be due to altering the balance of small fibre and large fibre activity at the next relay.
On the other hand the operation may give only partial or no relief, even though the whole anterolateral quadrant of the cord is severed. There are also many cases in which the pain is at first rdieved and then returns. Indeed, the operation is now widely regarded as only a short-term measure; the pain relief is not expected to be permanent. Failures of this kind have led surgeons to postulate subsidiary "pain pathways" in almost every part of the spinal cord, so begging the question whether circumscribed tracts subserving pain exist at all. The truth is that we know extremely little about the spinal cord, and are hampered in finding out more because the functional results of animal lesions do not correspond to those of human lesions.
The lateral spinothalamic tract is a newcomer in terms of evolution, and probably the older multisynaptic pathways close to the grey matter are of greater importance in transmitting the secondary pain pattern. These palaeospinothalamic paths run into the maze of the reticular formation, and at each of their numerous synapses the influence of descending or other inputs can inhibit or summate particular components of the pain pattern on its way to the thalamus.
In the brain stem the various pathways from the spinal cord are joined by corresponding new and old pathways from the trigeminal distribution. The concept that sensory pathways were both specific and secure has led to the invention of at least five" pain pathways" through the mid-brain of animals. There is also a region, close to the central grey matter, where electrical stimulation in animals produces a marked and quite prolonged analgesia: this evidence of an inhibitory pathway is obviously of great theoretical interest, as is the fact that it can be aroused by morphine.
From the mid-brain the secondary pain pattern, filtered, edited and modified, passes to the posterior nuclei and the posterior part of the ventrobasal complex of the thalamus of both sides. A second relay here allows still further modification of the message, but the destination of the tertiary neurons is not known. It is assumed that some pass to the sensory cortex and the frontal lobes in order to subserve the localizing and perceptive aspects of the sensation. Others are supposed to run to the limbic system to contribute towards the emotional and affective components of the pain experience. But there is no electrophysiological evidence that impulses produced by noxious stimulation in animals actually arrive at any of these destinations, and we have to rely on clinical evidence from patients who seldom have well-defined lesions, and who are often ill and distressed. It would be safer to say that so far we cannot make any worthwhile statement regarding the ramifications of the tertiary pain pattern.
Even in the thalamus things are pretty obscure. It has been suggested that some sort of conscious appreciation of pain occurs here, but we have no idea of what constitute,; consciousness, and thus no right to postulate its habitation. The intralaminar, midline, and reticular nuclei of the thalamus have been associated with pain because of their connexions with the reticular formation, and the" thalamic syndrome", though rare, is one of the better publicized examples of conditions in which a feature is severe and unpleasant pain. However, it is probable that the thalamic syndrome is really the result of damage to the adjacent reticular formation rather than to the thalamus itself. Incomplete destructive lesions of any part of the sensory pathway are necessarily associated with a specific kind of alteration in the pattern of impulses transmitted, and they often result in delays in perception, prolongation of response, and alterations in sensory quality. This is a combination which many years ago r christened the "partial block syndrome ", and in the case of pain the quality change may be extremely unpleasant, and the sensation may also be increased in in tensi t y.
The search for a " centre" for pain perception and evaluation is probably useless; the tertiary pattern must reverberate through so many parts of the brain that to attribute to anyone of these some sort of overall authority may well be ridiculous. Thought was once described by J. B. S. Haldane as "a quantal event located in a space about the size of a human brain ", and probably pain is something similar.
N"evertheless stimulation of the amygdaloid nucleus of the limbic system in animals produces results suggesting that this system is involved in the affectiYe aspect of the pain experience.
Anaesthesia and Intensive Care. Vol. 1", J\'o. 1, Feb1'1la r) " 1977 Virtually nothing I have said today can be taken without a grain of salt, except that the idea of secure pathways for any somatic sensation is mistaken. We do not know how or where pain is perceived. We devise theoretical self-exciting electrophysiological circuits to explain the prolongation of pain in causalgia and in phantom limbs long after the exciting cause has to all appearances been eliminated. We invent elaborate explanations for trigeminal neuralgia, in which inappropriate stimuli, such as light touch, can elicit agonizing spasms of pain. We argue about the cause of the "second pain" produced by putting the hand in hot water, and about the mechanism by which pain is referred from one part of the body to another. We are baffled by acupuncture anaesthesia. We give our patients analgesics and anaesthetics without knowing how, or even where, they act; we make holes in the central nervous system without knowing the functions of the things we cut. We perform operations under hypnosis without the faintest idea of what we are doing.
In short, we are shamefully ignorant, and further electrophysiological work in animals cannot be relied upon to enlighten us. Rather we must look to patients for further information, and here a major difficulty is that we have no standardized sensory testing methods and no time to spend on using them. If we could develop standard tests for all forms of sensibility, including pain, and induce sufficient people to concentrate on the problem of using them properly, some at least of our difficulties might disappear.
In this brief and sketchy review I hope I have indicated some of the lines along which work could proceed in the future. The modem anaesthetist, whether he finds himself in a pain clinic or in the business of administering anaesthetics, has excellent opportunities for investigating pain, and many have contributed a great deal to our knowledge, such as it is. I hope that this will continue in the future, and that eventually we shall be able to put our treatment and prevention of pain on a rational instead of an empirical basis.
